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57 ABSTRACT

A method of defining poly-silicon growth direction includes
Step 1, forming a buffer layer on a substrate; Step 2, forming
a regular graphene array; Step 3, forming an amorphous sili-
con thin film on the buffer layer, which the regular graphene
array has formed thereon; and Step 4, transferring the amor-
phous silicon thin film into poly-silicon with an excimer laser
anneal process. The growth direction of the poly-silicon as
being formed can be controlled according to the present
method of defining poly-silicon growth direction. Accord-
ingly, the grain size of the poly-silicon can be raised.

15 Claims, 2 Drawing Sheets
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forming a buffer layer on a substrate

1
forming a regular grapheme array on the buffer layer

2
forming an amorphous silicon thin film on the buffer layer,
which the regular grapheme array has formed thereon

3
transferring the amorphous silicon thin film into poly-
silicon with an excimer laser anneal process
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1
METHOD OF DEFINING POLY-SILICON
GROWTH DIRECTION

This application is a 371 of PCT/CN2014/071291 filed
Jan. 23, 2014; China 20121076243.5 filed Dec. 30, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the technical field of liquid
crystal displaying, and in particular to a method of defining
poly-silicon growth direction.

2. Description of Prior Art

With the development of the flat panel displays, the panels
with higher resolution and lower power consumption are
constantly required. Unlike amorphous silicon, of which the
electron mobility is low, the low temperature poly-silicon can
be produced in a low temperature environment. With the high
electron mobility and capability of manufacturing the
C-MOS (Complementary Metal Oxide Semiconductor) cir-
cuit, the low temperature poly-silicon is widely discussed for
meeting the requirement of high resolution and low power
consumption.

The low temperature poly-silicon (LTPS) is a branch of
poly-silicon technology. For the flat panel displays, the appli-
cation of the poly-silicon liquid crystal material provides lots
of' merits. For example, the film circuit can be thinner, smaller
and having lower power consumption.

In the initial developing stages of the poly-silicon technol-
ogy, a laser anneal process, which is a high temperature
oxidation process is necessary for transferring the structure of
the glass substrate from amorphous silicon (a-Si) into poly-
silicon. In this moment, the temperature of the glass substrate
can reach over 1000 degree C. In comparison with the tradi-
tional high temperature poly-silicon, the laser exposure pro-
cess is still required for the low temperature poly-silicon,
thought. Nevertheless, an excimer laser is employed as being
the heat source. After the laser is conducted through the
transmission system, a laser beam with uniformly distributed
energy is projected on the glass substrate with amorphous
silicon structure. After the glass substrate with amorphous
silicon structure absorbs the energy of the excimer laser, the
glass substrate is then transferred into poly-silicon structure
substrate. The whole process is accomplished under 500-600
degree C. Even a normal glass substrate can bare such a
temperature which enormously reduces the manufacture cost.
Beside reduction of the manufacture cost, the low tempera-
ture poly-silicon technology further provides more merits:
higher electron mobility; smaller film circuit area; higher
resolution; simple structure and greater stability.

Atpresent, several methods for producing the low tempera-
ture poly-silicon can be illustrated, such as solid phase crys-
tallization (SPC), solid phase crystallization (SPC) and exci-
mer laser anneal (ELA), among which excimer laser anneal
(ELA) is the most widely used method nowadays.

The manufacture method of low temperature poly-silicon
by excimer laser anneal is to grow a buffer layer on a glass.
Then, amorphous silicon is grown thereon. After the high
temperature dehydrogenation process and the HF precleaning
process, the laser of the ELA scans the amorphous silicon.
The amorphous silicon melts at very high temperature and
re-crystallized into poly-silicon.

The grain size of the low temperature poly-silicon pos-
sesses quite significant effect to the electricity of the poly-
silicon. During the EL A process, the amorphous silicon suf-
fered with the high temperature and nearly completely melts.
Then, the re-crystallizion into poly-silicon of the amorphous
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silicon accomplished. As being re-crystallized, the occur-
rence of crystallization follows the direction from low energy
toward high energy, i.e. crystallization occurs from the low
temperature area toward the high temperature area; the start
point and the direction of crystallization are in a mess. Con-
sequently, the grain size is too small and too many grain
boundaries appear. Accordingly, electron mobility of the
poly-silicon can be significantly affected.

SUMMARY OF THE INVENTION

Thus, an objective of the present invention is to provide a
method of defining poly-silicon growth direction to control
the growth direction of the poly-silicon as being formed.

To achieve the objective, the present invention provides a
method of defining poly-silicon growth direction, compris-
ing:

Step 1, forming a buffer layer on a substrate;

Step 2, forming a regular graphene array on the buffer
layer;

Step 3, forming an amorphous silicon thin film on the
buffer layer, which the regular graphene array has formed
thereon; and Step 4, transferring the amorphous silicon thin
film into poly-silicon with an excimer laser anneal process.

Step 2 further comprises:

Step 2.1, forming a patterned masklayer on the buffer layer
according the graphene array;

Step 2.2, forming the graphene array by a chemical vapor
deposition process; and

Step 2.3, removing the masklayer.

The amorphous silicon thin film is treated by a high tem-
perature dehydrogenation process before the excimer laser
anneal process in Step 4 is performed.

A material of the buffer layer is silicon nitride or silicon
dioxide.

The substrate is glass.

The distribution of the graphene array on the surface of the
buffer layer is preset according to poly-silicon growth direc-
tion to be defined in Step 4.

The buffer layer and the amorphous silicon thin film are
respectively formed by a chemical vapor deposition process.

An insulation layer is further formed between the substrate
and the buffer layer.

A material of the insulation layer is aluminum nitride,
boron nitride, aluminum oxide or magnesium oxide.

The insulation layer is formed by a magnetron sputtering
process or a chemical vapor deposition process.

The present invention also provides a method of defining
poly-silicon growth direction, comprising:

Step 1, forming a buffer layer on a substrate;

Step 2, forming a regular graphene array on the buffer
layer;

Step 3, forming an amorphous silicon thin film on the
buffer layer, which the regular graphene array has formed
thereon; and

Step 4, transferring the amorphous silicon thin film into
poly-silicon with an excimer laser anneal process,

wherein Step 2 further comprises:

Step 2.1, forming a patterned masklayer on the buffer layer
according the graphene array;

Step 2.2, forming the graphene array by a chemical vapor
deposition process; and

Step 2.3, removing the masklayer; and

wherein before the excimer laser anneal process in Step 4 is
performed, amorphous silicon thin film is treated by a high
temperature dehydrogenation process, and a material of the
buffer layer is silicon nitride or silicon dioxide,
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and the substrate is glass, and

wherein distribution of the graphene array on the surface of
the buffer layer is preset according to poly-silicon growth
direction to be defined in Step 4.

The buffer layer and the amorphous silicon thin film are
respectively formed by a chemical vapor deposition process.

An insulation layer is further formed between the substrate
and the buffer layer.

A material of the insulation layer is aluminum nitride,
boron nitride, aluminum oxide or magnesium oxide.

The insulation layer is formed by a magnetron sputtering
process or a chemical vapor deposition process.

The growth direction of the poly-silicon as being formed
can be controlled according to the present method of defining
poly-silicon growth direction. Accordingly, the grain size of
the poly-silicon can be raised.

BRIEF DESCRIPTION OF THE DRAWINGS

The technical solution, as well as beneficial advantages, of
the present invention will be apparent from the following
detailed description of an embodiment of the present inven-
tion, with reference to the attached drawings. In the drawings:

FIG. 1 is a flowchart of a method of defining poly-silicon
growth direction according to the present invention;

FIG. 2 is a sectional view diagram of a graphene array
formed according to the method of defining poly-silicon
growth direction of the present invention;

FIG. 3 is a sectional view diagram of an amorphous silicon
thin film in the excimer laser anneal process according to the
method of defining poly-silicon growth direction of the
present invention; and

FIG. 4 is a sectional view diagram of controlling poly-
silicon growth direction of the amorphous silicon thin film
according to the method of defining poly-silicon growth
direction of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, which is a flowchart of a method of
defining poly-silicon growth direction according to the
present invention. With a preferable embodiment of the
method of defining poly-silicon growth direction according
to the present invention shown in FIGS. 2-4, the method of
defining poly-silicon growth direction according to the
present invention comprises:

Step 1, forming a buffer layer 20 on a substrate 10; the
substrate can be glass or other proper transparent material.

Step 2, forming a regular graphene array 30 on the buffer
layer 20; a material of the buffer layer can be silicon nitride,
silicon dioxide or other proper material.

Referring to FIG. 2, which is a sectional view diagram of'a
graphene array formed according to the method of defining
poly-silicon growth direction of the present invention. The
buffer layer 20 is grown on the substrate 10. Then, the regular
graphene array 30 is formed on the buffer layer 20. The buffer
layer 20 can be formed by a chemical vapor deposition pro-
cess or other proper manufacture processes.

Step 2 can comprises:

Step 2.1, forming a patterned masklayer on the buffer layer
20 according the required graphene array 30;

Step 2.2, forming the graphene array 30 by a chemical
vapor deposition process; and

Step 2.3, removing the masklayer

The graphene array 30 also can be formed by other manu-
facture processes.
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Then, Step 3 is performed, which an amorphous silicon
thin film 40 is formed on the bufter layer, which the regular
graphene array 30 has formed thereon.

Step 4 is performed, which the amorphous silicon thin film
40 is transferred into poly-silicon with an excimer laser
anneal process.

Referring to FIG. 3, which is a sectional view diagram of an
amorphous silicon thin film in the excimer laser anneal pro-
cess according to the method of defining poly-silicon growth
direction of the present invention. The amorphous silicon thin
film 40 can be formed by a chemical vapor deposition process
or other proper manufacture processes. In Step 4, the amor-
phous silicon thin film 40 can be treated by a high temperature
dehydrogenation process before the excimer laser anneal pro-
cess.

Referring to FIG. 4, which is a sectional view diagram of
controlling poly-silicon growth direction of the amorphous
silicon thin film according to the method of defining poly-
silicon growth direction of the present invention.

In the excimer laser anneal process, the amorphous silicon
thin film 40 absorbs the energy of the laser and the tempera-
ture of the film 40 raises because the graphene possess excel-
lent thermal conductivity and great heat-resistance. A tem-
perature difference is occurred to the amorphous silicon thin
film 40. The temperature of the amorphous silicon in the area
corresponding to the graphene array 30 is relatively lower
than the temperature of the amorphous silicon in the area with
no graphene array 30. Then, a low temperature area as shown
in FIG. 3 is formed. As shown in FIG. 4, the poly-silicon starts
growing and becomes larger from the low temperature area
toward the high temperature areas around when the poly-
silicon is formed. Accordingly, the objective of controlling
the growth direction of the poly-silicon can be realized.
Accordingly, the grain size of the poly-silicon can be raised.

By employing the method of the present invention, the
distribution of the graphene array 30 on the surface of the
buffer layer 20 is preset according to poly-silicon growth
direction to be defined before starting to grow the poly-sili-
con. For example, the graphene array 30 can be preset with the
same appearance and uniformly distributed on the surface of
the buffer layer 20. Namely, by changing conditions of
appearance and position of the graphene array 30, the poly-
silicon growth direction as being formed can possibly be
changed.

Moreover, an insulation layer can be formed between the
substrate 10 and the buffer layer 20. A material of the insula-
tion layer is aluminum nitride, boron nitride, aluminum
oxide, magnesium oxide or other proper materials. The insu-
lation layer can be formed by a magnetron sputtering process,
a chemical vapor deposition process, or other proper manu-
facture processes. Besides, the method of defining poly-sili-
con growth direction according to the present invention can
be applied for manufactures of thin film transistors, array
substrates, flat panel displays and etc.

In conclusion, the growth direction of the poly-silicon as
being formed can be controlled according to the present
method of defining poly-silicon growth direction. Accord-
ingly, the grain size of the poly-silicon can be raised.

Based on the description given above, those having ordi-
nary skills of the art may easily contemplate various changes
and modifications of the technical solution and technical
ideas of the present invention and all these changes and modi-
fications are considered within the protection scope of right
for the present invention.



US 9,171,719 B2

5

What is claimed is:

1. A method of defining poly-silicon growth direction,
comprising:

Step 1, forming a buffer layer on a substrate;

Step 2, forming a regular graphene array on the buffer

layer;

Step 3, forming an amorphous silicon thin film on the
buffer layer, which the regular graphene array has
formed thereon; and

Step 4, transferring the amorphous silicon thin film into
poly-silicon with an excimer laser anneal process.

2. The method of defining poly-silicon growth direction as

claimed in claim 1, wherein Step 2 further comprises:

Step 2.1, forming a patterned masklayer on the buffer layer
according to the graphene regular graphene array;

Step 2.2, forming the regular graphene array by a chemical
vapor deposition process; and

Step 2.3, removing the masklayer.

3. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein the amorphous silicon thin film is
treated by a high temperature dehydrogenation process
before the excimer laser anneal process in Step 4 is per-
formed.

4. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein a material of the buffer layer is
silicon nitride or silicon dioxide.

5. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein the substrate is glass.

6. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein distribution of the regular
graphene array on the surface of the buffer layer is preset
according to poly-silicon growth direction to be defined in
Step 4.

7. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein the buffer layer and the amor-
phous silicon thin film are respectively formed by a chemical
vapor deposition process.

8. The method of defining poly-silicon growth direction as
claimed in claim 1, wherein an insulation layer is further
formed between the substrate and the buffer layer.

9. The method of defining poly-silicon growth direction as
claimed in claim 8, wherein a material of the insulation layer
is aluminum nitride, boron nitride, aluminum oxide or mag-
nesium oxide.
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10. The method of defining poly-silicon growth direction
as claimed in claim 8, wherein the insulation layer is formed
by a magnetron sputtering processor a chemical vapor depo-
sition process.

11. A method of defining poly-silicon growth direction,
comprising:

Step 1, forming a buffer layer on a substrate;

Step 2, forming a regular graphene array on the buffer

layer;

Step 3, forming an amorphous silicon thin film on the
buffer layer, which the regular graphene array has
formed thereon; and

Step 4, transferring the amorphous silicon thin film into
poly-silicon with an excimer laser anneal process,

wherein Step 2 further comprises:

Step 2.1, forming a patterned masklayer on the buffer layer
according to the graphene regular graphene array;

Step 2.2, forming the regular graphene array by a chemical
vapor deposition process; and

Step 2.3, removing the masklayer; and

wherein before the excimer laser anneal process in Step 4 is
performed, amorphous silicon thin film is treated by a
high temperature dehydrogenation process, and a mate-
rial of the buffer layer is silicon nitride or silicon dioxide,
and the substrate is glass, and

wherein distribution of the regular graphene array on the
surface of the buffer layer is preset according to poly-
silicon growth direction to be defined in Step 4.

12. The method of defining poly-silicon growth direction
as claimed in claim 11, wherein the buffer layer and the
amorphous silicon thin film are respectively formed by a
chemical vapor deposition process.

13. The method of defining poly-silicon growth direction
as claimed in claim 11, wherein an insulation layer is further
formed between the substrate and the buffer layer.

14. The method of defining poly-silicon growth direction
as claimed in claim 13, wherein a material of the insulation
layer is aluminum nitride, boron nitride, aluminum oxide or
magnesium oxide.

15. The method of defining poly-silicon growth direction
as claimed in claim 13, wherein the insulation layer is formed
by a magnetron sputtering process or a chemical vapor depo-
sition process.



